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Early work at Nylsvley, the study site of the South African Savanna 
Ecosystem Project, showed a low soil nutrient status. On the basis of 
this and in view of the low vegetation biomass compared to other 
similar ecosystems, it was suggested that nutrients may be limiting pro· 
ductivity in this Burkea africana dominated savanna. 
This study examined concentrations of total , ammonium and nitrate 
nitrogen in Burkea savan na (Hutton form, Chester series) soils with 
respect to depth and time of year. It further examined the concentra-
tions of total Mg, K and P in the soil with respect to depth. The three 
major tree species, B. africana, Ochna pulchra and Terminalia sericea 
and the two dominant grasses, Digitaria eriantha and Eragrostis pal/ens 
were examined and N, Mg, K, P and S concentrations were determined 
in various components of each of these species. 
Results obtained for the three nitrogen forms in the soil showed 
spatial and a considerab le temporal variation. The spatial variation can 
partly be ascribed to tree canopies and faunal disturbance. The con-
siderable temporal variation can not be accounted for. 
From the low amount of Mg and K in vegetation relative to that in 
the soil , it was concluded that these nutrients are unlikely to be 
limiting. The data for P and S are insufficient to assess their possible 
limitation to productivity. The possibility that nitrogen may be a factor 
limiting productivity is discussed. 
S. Afr. J. Bot. 1983, 2: 236- 242 
Vroee werk op die Nylsvley studieterrein van die Suid-Afrikaanse 
Savanne Ekosisteemprojek, het 'n lae grondvoedingstofkonsentrasie ge-
toon. Met die oog hierop en die lae plantbiomassa van die gebied 
relatief tot ander soortgelyke ekosisteme, is voorgeste l dat die pro· 
duktiwiteit van hierdie savanne wat deur Burkea africana oorheers word, 
deur die voedingstofstatus van die grond beperk word. 
In hierdie studie is die totale-, ammoniak- en nitraatstikstofkonsen-
trasie van Burkea savanne grond (Hutton Chester) ten opsigte van 
diepte sowel as die tyd van jaar ondersoek. Die totale Mg-, K- en P· 
konsentrasies in die grond ten opsigte van diepte is ook bepaal. N-, 
Mg·, K-, P- en S-konsentrasies is ook in die verskillende onderdele van 
die drie hoof boomsoorte, naamlik B. africana, Ochna pulchra en Ter-
minalia sericea sowel as die twee hoof grassoorte, Digitaria eriantha en 
Eragrostis pal/ens ondersoek. 
Resultate vir die drie stikstofvorms in die grond het 'n ruimtelike 
variasie sowel as 'n aansienlike variasie met tyd getoon . Die ruimtelike 
variasie kan gedeeltelik deur kroonbedekking sowel as deur dierversteur-
ing verklaar word. Die tydsgebonde variasie is onverklaarbaar. 
Die verhouding van die Mg- en K-inhoud van die plante tot die van die 
grond is laag . Hieru it word afgelei dat dit onwaarskynlik is dat hierd ie 
voedingstowwe beperkend is. Die gegewens vir P en S is onvoldoende 
om hulle moontlike beperkende invloed op produktiwiteit vas te stel. Die 
moontlikheid dat stikstof produktiwiteit beperk, word bespreek. 
S.-Afr. Tydskr. Plantk. 1983, 2: 236-242 
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Introduction 
In 1974 the South African Savanna Ecosystem Project was 
initiated as a co-operative multidisciplinary effort to develop 
a holistic understanding of the structure and functioning 
of a typical southern African savanna (Anon 1978). One 
component of the ecosystem thought to be worthy of in-
tensive study was that of nutrient cycling. 
The sandy soils of the Nylsvley Burkea savanna, surveyed 
by Harmse (1977), were considered to have a poor nutrient 
status (Anon I 978; Huntley & Morris I 978). This alleged 
low nutrient status could have an important influence on 
the productivity of the natural vegetation. In I 977, when 
one of us (Bate) joined the project it was generally con-
sidered that the productivity of the vegetation was nutrient, 
especially nitrogen, limited. However, at this time there was 
insufficient data to determine whether the nutrients were 
limiting the vegetation growth or not. The purpose of this 
study, therefore, was to examine the contents of some of 
the macronutrients in both soils and plant material to gain 
an understanding of their importance and possible limita-
tion within the ecosystem. 
Attiwill (1980), after 23 years of data collection in a 
Eucalyptus community, considered the results to still be in-
complete. This paper, which reports on data collected over 
a period of only one year, describes some initial work on 
the complex phenomenon of nutrient status and cycling in 
a broad leaf woody savanna. It is by no means exhaustive 
and much work remains to be done. 
Materials and Methods 
The work reported in this paper was carried out in the study 
area of the Nylsvley Nature Reserve (the site of the South 
African Savanna Ecosystem Project (Huntley & Morris 
1978) which lies north east of 1 ohannesburg between 
24°36' and 24°42'S and 28°40' and 28 °44'E. The plant 
community is a broad leaf tree savanna on a sandy soil. 
Soil samples were collected to a depth of 225 mm by 
means of a soil corer, 60 mm in diameter. The columns were 
divided into 0-25; 25-75; 75 - 125; I25-175 and 
I 75-225 mm portions. For nitrogen determinations the soil 
was sampled every two weeks during the growing season 
(August I979 to April I980) and every month during the 
dormant seasons (April 1980 to July 1980). The samples 
were taken from four different positions under B. ajricana 
canopies and from five different positions that had a grass 
cover only. Nitrate and ammonium nitrogen determinations 
were carried out immediately after extraction with a 1 mol 
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dm - 3 solution of sodium chloride. The remainder of the 
soil was air dried, thoroughly mixed and stored for later 
analysis. Soil samples for the determination of the other 
nutrients were only taken on the 12th October 1980. In this 
case at least four samples were collected from under B. 
africana trees and four from under grass sites. Each core 
was divided to give three samples at each depth. 
Only the dominant tree and grass species were sampled . 
The trees being Burkea ajricana Hook., Ochna pulchra 
Hook. and Terminalia sericea Burch. ex DC. and the 
grasses, Digitaria eriantha Stued. and Eragrostis pal/ens 
Hack. Trees and grasses were sampled every month over 
a period of one year (August 1979 to 1 uly 1980) for nitrogen 
determination whereas samples were collected every second 
week from August to December 1980 for the determina-
tion of the other nutrients. The nutrient contents in the 
vegetative parts varied with the time of year. Only the 
highest mean nutrient values found during the sampling 
period are presented in this paper because the main com-
parison to be made is the difference between the nutrient 
content of the soils and the vegetation. Leaves, stems, sec-
tions through stems, bark, roots and litter were collected 
from the tree species, while leaves and roots were collected 
from the grasses. 
Five replicates of each plant species were arbitrarily taken 
on each sampling date for total nitrogen determination. 
Because of the variation in the nitrogen content of the 
vegetation noted by Gunton & Bate (1978/ 9), it was decided 
to smooth out possible variations for the other nutrients by 
aggregate sampling techniques. Hence ten 0. pulchra leaves 
from each of ten different individuals were collected at 
about 1,5 m height near the tips of branches. Because there 
were fewer B. ajricana and T. sericea individuals in the study 
area ten leaves from each of only five individuals were col-
lected. Ten twigs, two from each of five different individuals 
were collected for each tree species . 
Roots were found to be extremely difficult to sample. 
Because they are located underground, uniform roots are 
difficult to obtain. For this reason roots sampled were of 
various sizes. 
Litter from each of the three tree species was sampled 
by collecting only the upper layer of litter found under these 
trees . Litter from under each of five different individuals 
per species was collected within a two metre radius of the 
stem. 
For the two grass species, only three individuals of each 
species were collected per sampling date and separated into 
leaves and roots . 
All plant material collected was dried at 70 - 80°C to con-
stant mass, milled, thoroughly mixed and stored for 
analysis. 
Total nitrogen was determined in soil and plant samples 
by means of the Kjeldahl method after digestion of the soil 
and plant samples in 3 cm3 of concentrated sulphuric acid 
and 2 g of selenium powder (Bremner 1965). Nitrate 
nitrogen in soils was determined as described by Bate & 
Heelas (1975) while ammonium nitrogen was determined 
by means of an Orion specific ion electrode. 
Exchangeable Ca, K and Mg were determined by stan-
dard atomic absorption spectrophotometric techniques after 
extraction of the cations by shaking the soil sample in a 1 
mol dm - 3 ammonium acetate solution (Chapman 1965). 
Total K, P and Mg were extracted in 2 cm3 of a mixed acid 
digestion solution consisting of one volume of concentrated 
237 
sulphuric acid, eight volumes of concentrated nitric acid and 
one volume of 700Jo perchloric acid. The P was determined 
according to the method of Murphy & Riley (1962). Total 
K and Mg were determined by standard atomic absorption 
spectrophotometric techniques. 
Total sulphur in plant material was determined as des-
cribed by Freney eta/. (1970) except that 0,2 g of dried, 
milled plant material was used. 
Results 
Distribution of nutrients in the soil 
Total nitrogen 
The average yearly total nitrogen levels decreased with 
respect to depth (Figures Ia & b) . The mean total nitrogen 
concentration in the soil down to 225 mm was higher under 
B. ajricana canopies ( 457 mg kg - 1 N; SE = 21; n = 340) 
than under grass canopies (316 mg kg - 1 N; SE = 14; n = 
395). 
Regression analysis of all data points for under grass were 
best represented by the equation, 
Total nitrogen in mg kg - 1 dry soil = 565, 14 (Soil depth 
in mm) - 0' 41 
(? = 0,97; n = 340) while the equation, 
Total nitrogen in mg kg - I dry soil = 1817,52 (Soil depth 
in mm) - o.34 
(? = 0,99; n = 395), best fitted the data from under tree 
sites. 
By integrating the curves between the limits - depth 0 
to 1 m (using the midpoints of each size class), and assum-
ing a soil bulk density of 1470 kg m - 3 (Gunton 1981), (as 
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Figure I Means and standard errors of a) total c) ammonium and e) 
nitrate nitrogen under tree canopies, and b) total d) ammonium and f) 
nitrate nitrogen under grass, with respect to soil depth. 
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compared with the bulk density obtained by Moore (1980) 
of 1500 kg m - 3) the total nitrogen content of the soil down 
to a depth of 1 m was calculated. A value of 3 590 kg-N 
ha - 1m - I was obtained for grassed sites while under tree 
sites the value was 3 692 kg-N ha - 1m - 1• 
According to van Rooyen & Theron (1977), the total 
canopy cover in the B. ajricana savanna is 27,5%. Using 
this estimate of canopy cover and the values calculated 
above, the total nitrogen in the soil was estimated to be 3 618 
kg-N ha - 1m - 1• The method of analysis used for determin-
ing total nitrogen was assumed not to include all the nitrate-
N (Smith 1980) which was therefore added to the above fi-
gure. 
Ammonium nitrogen 
Analysis of the data obtained showed that no significant 
difference existed between the ammonium-N levels in the 
under grass and under tree positions. The mean concentra-
tion over a full season in the soil down to 225 mm in the 
grassed sites was 12,1 mg kg - 1 N (SE = 0,81; n = 140) 
and in under tree canopy sites, 12,4 mg kg - I N (SE = 
0,81; n = 170). The yearly average ammonium-N levels for 
both sites showed little change with depth (Figures 1c & d). 
A power curve of the form, 
Ammonium nitrogen in mg kg - 1 dry soil 17,16 (Soil 
depth in 
mm) - o.o9 
(? = 0,93; n = 310), was found to best fit the combined 
between and under tree canopy data. From this, the 
ammonium-N in Nylsvley soils was estimated, as described 
above, to be 160 kg-N ha - 1m - 1• 
Nitrate nitrogen 
The average yearly nitrate-N levels with respect to depth for 
under grass and under tree canopy soils are shown in Figures 
le & f. A power curve of the form, 
Nitrate nitrogen in mg kg - I dry soil = 8,03 (Soil depth in 
mm) - 0.21 
(? = 0,99; n = 230), was found to best fit the data for 
between canopy sites, while data for under Burkea canopy 
sites was best described by the equation, 
Nitrate nitrogen in mg kg - I dry soil 
(? = 0,98; n = 150). 
II ,99 (Soil depth 
in mm) - 0'25 
These equations and van Rooyen & Theron's (1977) 
estimate of canopy cover were used to calculate the amount 
of nitrate nitrogen in Burkea savanna soils. An amount of 
36 kg-N ha - 1m - I was calculated. 
Exchangeable cations 
Figure 2 shows the concentrations of exchangeable K, Mg 
and Cain the soil in October 1980. The data for under grass 
and under tree canopy sites have been combined. The con-
centration of exchangeable K decreases with increasing 
depth (Figure 2a). It was found that the data could best be 
fitted to a power curve of the form, 
Exchangeable K in mg kg - 1 dry soil = 172,97 (Soil depth 
in mm) - o.27 
(? = 0,90; n = 72). Similar curves were fitted to the Ca 
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(Figure 2b) and Mg (Figure 2c) data such that theCa curve 
could be represented by, 
Exchangeable Ca in mg kg - I dry soil = 428,28 (Soil depth 
in mm) - 0'42 
(? = 0,90; n = 146), and the Mg curve by, 
Exchangeable Mg in mg kg - 1 dry soil 85,69 (Soil depth 
in mm) - 0•32 
c? = 0,99; n = 190). 
Total exchangeable nutrient contents per hectare to a 
depth of one metre were calculated using the equations 
derived above. The calculations revealed that to a depth of 
1 m there are 597 kg exchangeable Ca ha - 1; 203 kg ex-
changeable Mg ha - I and 540 kg exchangeable K ha - 1• 
a 100 
<ll E' 80 
:0 0. 
ell.3 60 g?,E 
H-
J 
c ::::J 
ell ·-
.s::: {f) 40 (.) {f) 
X~ 
I I I I 
I I 
w 0 
0. 20 
0 
b 
150 f-+-
~E' 
.g g 100 
<1>-
g>E 
ell ::::J 
.s::: ·-
(.) (.) 50 X ell 
w (.) 
0 
c 
50 
E 40 
<ll 0. H-
.CJ 0. 
ell- 30 <ll E 
O'>::::J 
c ·- I 
ell {f) 20 .s::: <ll I 
(.) c 
X 0'> 
w ell 
E 10 
0 12,5 50 100 150 200 
Soil depth (mm) 
Figure 2 Means and standard errors of a) exchangeable potassium b) 
exchangeable calcium and c) exchangeable magnesium with respect to 
soil depth. 
Figures 3a, b & c show the total amount of Mg, P and 
K as determined after digestion in a mixed acid solution. 
No Ca contents were determined because of a technical dif-
ficulty. Total amounts per hectare to 1 m were calculated 
as 1 800 kg Mg, 2 248 kg P and 10 502 kg K. 
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Figure 3 Means (n = 24) and standard errors of a) total magnesium b) 
total phosphorus and c) total potassium with respect to soil depth. 
Variation of nitrogen levels in the soil 
Temporal variation 
Results obtained showed clearly that both spatial and tem-
poral variation in nitrogen levels occurred in the B. ajricana 
savanna study site. 
Figures 4, 5 & 6 show that total N, ammonium N, and 
nitrate N concentrations were very variable with respect to 
time. Statistical analysis of the data (Gunton 1981) shows 
that many of the differences between months were statisti-
cally significant. The pattern obtained was unexpected and 
cannot be explained. 
Spatial variation 
Analysis of the data obtained showed that total nitrogen 
and nitrate nitrogen levels, taken as average values through 
the 225 mm profile, were significantly higher in under 
canopy positions than under grass, being 457 and 
316 mg kg - I respectively for total nitrogen and 4, 19 and 
3,31 mg kg - 1 for nitrate nitrogen. It has been established 
by Grunow (1975, 1976, 1977) that litter mass in under grass 
subhabitats is lower than that under tree canopies. Thus 
there appears to be a relationship between nitrogen in the 
soil and litter on the surface. 
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total nitrogen concentration with respect to time. 
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Figure 6 Means (minimum n = 15) and 950Jo confidence limits of soil 
nitrate concentrations with respect to t ime. 
Factors affecting spatial variation of nitrogen 
Because of the high spatial and temporal variation of 
nitrogen measured during the investigation, it was decided 
to examine some soil disturbance factors that might possibly 
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be the cause. These factors were dung, hoof marks, termite 
nests and animal burrows. Data (Table 1) were analysed 
using Student's t-test. 
Dung and hoof disturbance gave significantly lower con-
centrations of nitrate nitrogen compared with undisturbed 
soils (p = 0,01 and p = 0,001 respectively). Termite nests, 
dung and burrows were associated with significant increases 
(p = 0,05,p = 0,05 andp = 0,01 respectively) in soil am-
monium nitrogen concentrations. These patterns of increase 
and decrease are difficult to explain in terms of biological 
mechanisms, except with regard to termites which produce 
ammonia as an excretory product and hence high ammonia 
concentrations in termite nests might be expected. 
The examination of disturbance was carried out to ac-
count for variations encountered in the course of the study. 
The results obtained show that disturbance does have a small 
influence on inorganic nitrogen concentration in the soil. 
This might account for the variability measured at each 
sampling date, but it is not enough to account for the high 
variability observed with respect to time. (Cf. Figures 4, 5 
& 6 and Table 1.) 
Table 1 Influence of disturbance on nitrate and am-
monium N levels (mg kg - 1) in the soil. n = sample 
size; x = mean; SD = standard deviation; SE = stan-
dard error 
Dung Termite Hoof Burrow Undisturbed 
Nitrate nitrogen 
n 60 70 40 70 
x 1,50 2,00 1,00 1,80 
SD 1,20 3,00 1,30 2,00 
SE 0,20 0,40 0,20 0,20 
Ammonium nitrogen 
n 70 70 50 70 
x 7,70 18,6 7,50 9,50 
SD 4,20 34,8 4,70 6,70 
SE 0,50 4,2 0,70 0,80 
Distribution of nutrients in plant material 
Litter 
30 
2,40 
1,70 
0,30 
30 
5,90 
2,70 
0,50 
The nutrient contents of fresh litter from under B. africana, 
T. sericea and 0. pulchra were measured with respect to 
time. No attempt was made to distinguish between stages 
of litter decomposition as it was intended only to obtain 
a maximum litter nutrient concentration. Nutrients 
measured were Mg, K, P, Sand N. Ca contents were not 
obtained for any of the plant material examined. 
Little change in nutrient content occurred in litter with 
respect to the four-month sampling time. A notable excep-
tion was in 0 . pulchra litter, in which Mg and particularly 
K decreased through the growing season from 0, 13 OJo (Mg) 
and 0,2% (K) in early September to 0,050Jo (Mg) and 0,04% 
(K) by mid-December. Contents of the various nutrients in 
all the litter components were rather similar. Mg content 
in the Burkea litter components was 0,05% of the dry mass 
while contents of the others were 0,09% K; 0,05% P and 
0,09% S. 
Grunow (1977) has estimated the total litter standing crop 
to be 3830 kg ha - 1 of which 656 kg ha - I was of grass 
origin. The remaining 3174 kg ha - 1 was assumed to be tree 
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litter . Using this estimate of tree litter, amounts (in kg 
ha - 1m - 1) of I ,59 Mg; 2,86 K; I ,59 P and 2,86 S were 
calculated. Gunton (198I) did not measure nitrogen con-
centration in litter but assuming that the concentration in 
leaves at the end of the growing season was similar to that 
in litter, it was calculated that litter from trees contained 
26 kg ha - I of nitrogen. 
Because litter from grasses is difficult to sample, it was 
assumed that the nutrient content in the grass litter was the 
same as that in dead standing grass. Based on this assump-
tion the nutrient concentrations in the grass litter were 
calculated (in kg ha - 1m - 1) to be 0,33 kg Mg; 5,25 kg K; 
0,52 kg P; 0,72 kg S and 2,0 kg N. 
Distribution of nutrients in plants as a whole 
Branches and stems were assumed to have a similar nutrient 
content and were therefore combined in this study. Total 
nitrogen concentrations in stems of 0. pulchra and T. 
sericea were not measured but were estimated in the follow-
ing way from the values obtained for B. africana. The ratio 
of the concentration of nitrogen in the twigs to that in the 
stems of B. africana was found to be 1:0,63. It is assumed 
for the purposes of this paper that the same ratio exists be-
tween the twigs and stems of T. sericea and 0. pulchra. 
Using the known concentrations in twigs of these two species 
and the above ratio, their stem nitrogen concentrations were 
estimated (values in parentheses in Table 2). 
Table 2 summarizes the concentrations, expressed as a 
percentage of the dry mass, of the various nutrients in the 
different components of the trees and grasses. Table 3 sum-
marizes the biomass of the various vegetation components 
based on Rutherford (1977), van Wyk (1977) and Grunow's 
(1976- 1977) biomass data. An estimate of the root mass 
in the Nylsvley system was given by van Wyk (1977) to be 
15 450 kg ha - 1• No details have been given regarding the 
relative abundance of the roots of the different species. For 
the calculation of below-ground nutrient contents it was 
Table 2 Concentrations of nutrients in the various 
tree and grass components expressed as a percen-
tage of dry mass. (B = branches and S = stems). 
For explanation of values in parentheses see text 
Plant species 
0. pulchra 
B. africana 
T. sericea 
E. pal/ens 
D. eriantha 
Component 
Leaves 
Twigs 
B&S 
Roots 
Leaves 
Twigs 
B&S 
Roots 
Leaves 
Twigs 
B&S 
Roots 
Leaves 
Roots 
Leaves 
Roots 
Nutrients 
Mg K P S N 
0,10 0,60 0,15 0,10 1,70 
0,08 0,40 0,05 0,10 0,91 
0,03 0,08 0,01 0,02 (0,60) 
0,05 0,20 0,07 0,10 0,97 
0,09 0,40 0,10 0, II 2,85 
0,06 0,30 0,05 0, 10 I ,26 
0,03 0,05 0,01 0,03 0,80 
0,05 0,20 0,07 0, 10 0,52 
0,10 0,35 0,06 0,11 1,75 
0,08 0,30 0,04 0,09 0,87 
0,03 0,10 0,02 0,03 (0,54) 
0,05 0,20 0,07 0,10 0,52 
0,03 1,00 0,08 0,14 0,60 
0,02 0,18 0,05 0,05 0,40 
0,08 0,62 0,08 0,09 0,67 
0,04 0,24 0,04 0,07 0,66 
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assumed that the root mass of each species was proportional 
to the above-ground biomass (Table 3). Combining the 
nutrient data (Table 2) with the biomass data (Table 3) the 
Table 3 Biomass of vegetation components in kg 
ha- 1 (dry mass) 
Plant species 
0. pulchra 
B. africana 
T. sericea 
E. pal/ens 
D. eriantha 
Total vegetation 
biomass 
Component 
Leaves 
Twigs 
Branches & Stems 
Roots (estimated) 
Total 
Leaves 
Twigs 
Branches & Stems 
Roots (estimated) 
Total 
Leaves 
Branches & Stems 
Roots (estimated) 
Total 
Leaves 
Roots (estimated) 
Total 
Leaves 
Roots (estimated) 
Total 
Biomass 
289 
36 
1811 
1700 
3836 
400 
66 
8221 
7107 
15794 
160 
1564 
1390 
3124 
833 
618 
1451 
749 
618 
1367 
25572 
Table 4 Nutrient content in kg ha - 1 in vegetation 
components at Nylsvley. (B = branches and S = 
stems) 
Nutrients 
Plant species Component Mg K p s N 
0. pulchra Leaves 0,29 1,73 0,43 0,29 4,9 
Twigs 0,03 0, 14 0,02 0,04 0,3 
B&S 0,54 1,45 0,18 0,36 10,9 
Roots 0,85 3,40 1,19 1,70 16,5 
Total 1,17 6,72 1,82 2,39 32,6 
B. africana Leaves 0,38 1,60 0,40 0,44 11 ,4 
Twigs 0,04 0,20 0,03 0,07 0,8 
B&S 2,47 4,11 0,90 2,47 65,8 
Roots 3,55 14,21 4,97 7, 10 124,4 
Total 6,44 20,12 6,30 10,08 202,4 
T. sericea Leaves 0,16 0,56 0,10 0,18 2,8 
Twigs 0,01 0,03 0,01 0,01 0,1 
B&S 0,47 1,56 0,23 0,47 8,4 
Roots 0,70 2,78 0,97 1,39 7,2 
Total 1,34 4,93 1,31 2,05 18,5 
E. pal/ens Leaves 0,25 8,33 0,67 1,16 5,0 
Roots 0,12 1,11 0,31 0,31 2,5 
Total 0,37 9,44 0,98 1,47 7,5 
D. eriantha Leaves 0,60 4,64 0,60 0,67 5,0 
Roots 0,25 1,48 0,25 0,43 4,1 
Total 0,85 6,12 0,85 1,10 9,1 
Total nutrient 
in biomass 10,17 47,33 11,26 17,09 270 
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total amounts of nutrients in the various vegetation com-
ponents were calculated and are summarized in Table 4. 
Discussion 
Results obtained have enabled estimates of nutrient con-
tent in various components of the Burkea savanna to be 
made. The amounts of exchangeable Mg and K in the soil , 
to a depth of 1 m, were found, respectively, to be about 
twenty and ten times higher than in the vegetation. These 
estimates of vegetation nutrient content include only the ma-
jor plant species, but even if all species were included they 
would only contribute another 2007o to the vegetation 
biomass, (Rutherford 1979; Walker& Knoop 1982), in which 
case the ratio of available nutrient in the soil to that in the 
vegetation would still be high . 
Available nitrogen (ammonium N and nitrate N) in the 
soils, on the other hand, is only about two thirds the amount 
of total nitrogen found in the vegetation. There is, however, 
about ten times more total nitrogen in the soil than in the 
vegetation. This nitrogen is not immediately available to the 
vegetation and its availability depends on the rate of its con-
version to ammonia and nitrate. Only a little work has been 
done at Nylsvley to determine the rate at which nitrogen 
becomes available for plant uptake (Gunton 1981). Recent-
ly, Paul & Juma (1981) showed that in a Weirdale loam 
which is a grey-black chernozemic soil, only 1407o of the total 
nitrogen is readily available for mineralization and plant up-
take. If a similar situation exists in Nylsvley soils, then about 
113 kg N ha - 1m - 1 to 225 mm would be readily minerali-
zable and in this case there would be about half as much 
potentially available nitrogen in the soil as there is nitrogen 
present in the vegetation. 
Gunton (1981) measured soil nitrogen mineralization in 
the laboratory. The rates were about 0 ,30 mg kg - 1 per 
day. Over a growing period of 180 days, and considered 
to a depth of 225 mm, this would mean that some 178 kg 
ammonium or nitrate-N ha _, would become available. 
Data in this paper show that the nitrogen in annual litter 
production is about 28 kg N ha _, which is far less than the 
amount potentially available using the values of Paul & 
J uma ( 1981) or the 178 kg calculated using the mineraliza-
tion data of Gun ton (1981). Whichever values are closest 
to the actual amounts for Nylsvley, it must still be concluded 
that quantities taken up by the vegetation annually ( equi-
valent, or nearly so, to the nitrogen in annual litter) are far 
less than the amounts potentially available, and that mineral 
nitrogen is not limiting in this ecosystem. 
The relative amounts of Mg and K in the soil as com-
pared to the vegetation may be explained by two possible 
models: 1. The plants are taking up the amounts, deter-
mined by their genotype, of the nutrients that they require 
from the abundant soil supply. Their requirements are low 
compared to the supply because some other factor such as 
temperature, nitrogen etc. is limiting their growth. 2. The 
plants are unable to take up the amount of nutrients they 
require, despite the large soil pool, because there is insuffi-
cient soil moisture to allow the uptake of the otherwise 
available nutrient. In this situation water would be the 
limiting factor. 
In both the models described above the conclusion 
reached is that the amount of the nutrient itself is not direct-
ly limiting. Some other factor is controlling the uptake of 
nutrients by plants. A third possible model for Mg and K 
is that the Michaelis constant (Km) for their uptake is too 
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high for the soil concentration. This model seems unlikely 
if one considers the low concentration of available nitrogen 
in the soil; although it is possible that plants can take up 
nitrogen more efficiently than other macronutrients. 
Various models can be put forward to explain the soil 
to plant nitrogen balance. Either of the first two models 
mentioned above could apply; in these cases nitrogen would 
not be limiting. Additional possibilities are: I. The low level 
of available nitrogen is the result of rapid but inadequate 
uptake by the plants and a slow rate of nitrogen mineraliza-
tion. In this case nitrogen would be limiting growth. 2. The 
low level of available nitrogen is not indicative of the 
amount available to the plants because there is a flow of 
nitrogen into the pool from mineralization equal to the flow 
out of the pool owing to plant uptake and other losses. We 
can only speculate as to whether or not nitrogen is limiting. 
The data allows for the possibility that nitrogen is 
limiting, both because the soil to plant nitrogen ratio is low 
and because plants require greater quantities of nitrogen 
than any other nutrient. In contrast Mg and K are unlikely 
to be limiting. Insufficient data is available to assess the 
possible limitations of P, S and Ca to vegetative growth. 
The variation of nitrogen levels in B. ajricana dominated 
savanna soils posed a problem which was difficult to ex-
plain. An attempt was made to account for this variation 
by examining the effect of various natural disturbance fac-
tors on nitrogen levels. It was found that spatial variations 
of nitrate nitrogen and ammonium nitrogen levels could be 
accounted for by these disturbance factors. Temporal varia-
tion could not be accounted for. It is suggested that tem-
poral variation may be associated with rainfall and plant 
growth. 
Acknowledgements 
This project was supported by a grant from the Cooperative 
Scientific Programmes, Council for Scientific and Industrial 
Research. The use of laboratory facilities and equipment 
of the Botany Department of the University of the Wit-
watersrand is gratefully acknowledged. 
References 
ANON 1978. Nylsvley- A South African Savanna Project: objec-
tives , organization and research programme. S. A. Nat. Sci. Prog. 
Report No. 27. 37 pp. 
ATTIWILL, P.M. 1980. Nutrient cycling in a Eucalyptus ob/iqua (L. 
Herit.) forest. IV . Nutrient uptake and nutrient return. Aust. J. 
Bot. 28: 199 - 222. 
BATE, G.C. & HEELAS, B.V. 1975. Studies on the nitrate nutrition 
of two indigenous Rhodesian grasses. J. Appl. Ecol. 12: 941-952. 
BREMNER, J.M. 1965 . Total nitrogen. In: Methods of Soil Analysis, 
ed. Black, C.A. Part 2, Amer. Soc. Agronomy, Inc., Madison, 
Wisconsin , USA. pp. 1149- 1178. 
CHAPMAN, H.D. I965. Cation-exchange capacity. In: Methods of 
S.-Afr. Tydskr. Plantk., 1983, 2(3) 
Soil Analysis, ed. Black, C.A. Part 2, Amer. Soc. Agronomy, 
Inc., Madison, Wisconsin, USA. 
FRENEY, J.R., MELVILLE, G.E. & WILLIAMS, C.H. 1970. The 
determination of carbon bonded sulphur in soils. Soil Sci. 109: 
310-318. 
GRUNOW, 1.0. 1975. Change in above-ground biomass and litter of 
the grass layer in Eragrostis pal/ens - Burkea ajricana savanna in 
protected plots in the Nylsvley study area. Report to the National 
Programme for Environmental Sciences. Typescript 8 pp. 
GRUNOW, 1.0. 1976. Determination of above-ground standing crop 
and litter mass , productivity and losses, in the grass layer and 
under-grazing conditions. Report to the National Programme for 
Environmental Sciences. Typescript 12 pp. 
GRUNOW, 1.0. 1977. Determination of above-ground standing crop, 
litter mass, productivity and losses , in the grass layer of Eragrostis 
pal/ens - Burkea tree savanna under grazing conditions. Report to 
the National Programme for Environmental Sciences. Typescript 
46 pp. 
GUNTON, C. 1981. Seasonal changes in nitrogen in the soils and 
selected plant species in Burkea ajricana (Hook .) savanna, M.Sc. 
dissertation, University of the Witwatersrand, Johannesburg. 
GUNTON, C. & BATE, G.C. 1978/ 9. Nitrogen cycling in Burkea 
savanna. Annual progress reports to the Steering Committee, S. 
A. Savanna Ecosystem Project. Unpublished typescript. 
HARMSE, H.J. VON M. 1977. Grondsoorte van die Nylsvley-
natuurreservaat. S.A. Nat. Sci . Prog. Report No. 16: 1- 64. 
HUNTLEY, B.J. & MORRIS, J.W. 1978. Savanna ecosystem project: 
Phase I summary and phase II progress. S.A. Nat. Sci. Prog. 
Report No. 29: I -52. 
MOORE, A. 1980. Waterbalans studies in geselekteerde subhabitate 
van 'n Burkea savanne. M.Sc. Agric. dissertation, University of 
the Orange Free State. 
MURPHY, J. & RILEY, J.P . 1962. A modified single solution 
method for the determination of phosphate in natural waters. 
Analytico Chimica Acta 27: 31 - 36. 
PAUL, E.A. & JUMA, N.G. 1981. Mineralization and immobiliza-
tion of soil nitrogen by micro-organisms. In: Terrestrial Nitrogen 
Cycles, eds. Clark, F.E. & Rosswall , T. Ecol. Bull. (Stockholm). 
33: 179 - 195. 
RUTHERFORD, M.C. 1977. Above-ground subdivisions in woody 
species of the savanna ecosystem study area . Report to the Na-
tional Program for Environmental Sciences. Typescript 32 pp. 
RUTHERFORD, M.C. 1979. Above-ground biomass subdivisions in 
woody species of the savanna ecosystem project study area, 
Nylsvley. S.A. Nat. Sci . Prog. Report No. 36. 33 pp. 
SMITH, V. R. 1980. A phenol-hypochlorite manual determination of 
ammonium nitrogen in Kjeldahl digests of plant tissue. Commun. 
Soil Sci. Plant Anal. II: 709- 722. 
VAN ROOYEN, N. & THERON, G.K. 1977. ' n Intensiewe opname 
en beskrywing van die kruidstratum van die Eragrostis pal/ens -
Burkea ajricana boomsavanne op die Nylsvley natuurreservaat. 
Report to the National Programme for Environmental Sciences. 
Typescript 5 pp. 
VANWYK , J .J.P. 1977. 'n Studie van die ondergrondse biomassa 
van die Eragrostis pal/ens - Burkea ajricana savanne op Nylsvley. 
Report to the National Programme for Environmental Sciences . 
Typescript 13 pp. 
WALKER, B.H . & KNOOP, W.T. 1982. The response of the her-
baceous layer in the Burkea savanna to increased levels of N, P 
and K. Final report to CSIR, June 1982. Unpublished report. 
